Abstract. Bound state QED uses the Sommerfeld-Dirac double square root equation to obtain quartics (Mexican hat or double well curves), which can give away left-right symmetry or chiral behavior for particle systems as in the SM. We now show that errors of Bohr 2D fermion theory are classical H polarization dependent wavelength (PDW) shifts. The observed H line spectrum exhibits a quartic with critical n-values for phase ½π (90°) and π (180°): phase ½π refers to circular H polarization (chiral behavior), phase π to linear H polarization and inversion on the Coulomb field axis. These signatures probe H polarization with 2 natural, mutually exclusive hydrogen quantum states ±1, i.e. H and H. The H signatures are consistent with polarization angles or phases, hidden in de Broglie's standing wave equation, which derives from Compton's early experiments with sinusoidal wavelength shifts. We refute the widely spread ban on natural H and prove why QED, a quartic generating quantum field theory, classifies as inconsistent on neutral antimatter.
Introduction
The widely accepted ban on natural H, proclaimed by theorists, led experimentalists to measure interval 1S-2S for artificially produced H. Yet, we found unambiguous spectral signatures for H in available H line and H 2 band spectra [1] [2] [3] [4] [5] . This H-controversy could be settled once and for all with an ab initio H polarization theory but no such theory exists. This evident failure of theory can never mean that H does not exist or that a ban on H is legitimate. On the contrary, since H is field-inverted H by definition, polarization dependent wavelength (PDW) shifts can interfere. We prove that errors of Bohr H theory are classical sinusoidal polarization dependent (PDW) shifts, leading to spectral signatures for H [1] [2] [3] . A Bohr-type H polarization theory accounts for PDW shifts (H-signatures) and leads to H boson behavior. With its ban on H, QFT proves inconsistent neutral antimatter. This Polarization of matter and its chirality prove difficult, although observing polarization must be rather straightforward with its sinusoidal dependence on phase θ, a fractional angle absolutely confined to domain 0≤θ≤2π. Properly scaled sinusoidal effects are easily retraceable, whatever their magnitude. A dimension-less cosine law for a numerical field f consisting of 2 sub-fields
(square bracket version valid for b>>a), is a convenient basis to get at polarization in a Poincaré sphere. The square root in (1a) gives a tilted polarization ellipse for b≠a but returns an orthogonal system for θ=90° or ½π (a circle for a=b). With b>>a like in X-ray experiments for non-resonant interactions, (1a) gives sinusoidal fluctuations in function of phase θ, as observed by Compton 1 a long time ago [6] . Writing (1a) as which, in turn, led to non-relativistic Schrödinger wave mechanics and relativistic QFTs. In terms of field effects (1a-d), resonance condition (1f) hides a numerical quantized field ratio r/λ= k/2π (1g)
suggesting that de Broglie's quantum number k is competitive with phase θ with maximum 2π.
For polarization, this has drastic consequences, since rewriting de Broglie's relation (1g) as r/(½λ)= k/π and r/(¼λ)= k/½π (1h)
gives a half wavelength plate with k equal to 180° or π, known to transform left-in right-handed radiation, while a quarter wavelength plate acts accordingly in terms of classical optics.
Bohr-type H polarization
Without specifying sub-fields or ratio a/b, using (1a) (ii) Sinusoidal pattern in Fig. 1a shows with laser signals in optical fibers [10] [11] [12] . When bitcompression is high (order G-THz), signals are affected by polarization. Distortions in data transmitted between Alice and Bob, due to formerly unknown polarization dependent losses [10] [11] [12] , led to practical problems 6 . With Fig. 1a , observed photon (boson) polarization relates with entanglement, quantum computing, Bell-inequalities and EPR-tests using polarization of photons or neutral particles, like the kaon [10] [11] . 4 which also requires 2orthogonal fields of equal magnitude. 5 Complementary sine can be used for polar shifts, since polar and equatorial axes are assigned by convention. 6 Restoring signal distortions by PMD losses or PDW shifts relies on fiber Bragg or chiral gratings [12] .
(iii) In material system H, sinusoidal effects (2c) diminish with 1/n 2 . Since the smaller the size, the larger the density (compression), this situation compares with bit-density effects for photon polarization. For 1/n 2 H theory, this gives compacted attenuated sinusoidals like in Fig. 1b -c, where cos(πn/10)/n and sin(πn/10)/n ( Fig. 1b) and cos(πn/10)/n 2 and sin(πn/10)/n 2 ( Fig. 1c) are plotted versus 1/n. In this phenomenological H polarization model, distorted sinusoidals in Fig. 1b -c can be extrapolated to the left (expansion, low density) and even beyond n=∞ or 1/n=0, where H no longer exists (horizon problem). Extrapolation to the right (compression, high density) goes beyond ground state n=1, a strange consequence, discussed below. Attenuated, distorted sinusoidals in Fig. 1b -c only seem different from those in Fig. 1a but are related by Bohr packing factors 1/n (odd) or 1/n 2 (even).
(iv) For resonant interactions between radiation and matter, all details in Fig. 1a for boson polarization will have to match exactly all those of fermion system H for resonance to be possible with (1e). If radiation showed left-right behavior, H must show this behavior too when its spectrum is measurable.
Simplest atom H is a prototype for resonant interactions and cannot be an exception. On the contrary, the H spectrum is the simplest tool imaginable to get at polarization for the so-called electron-proton
Coulomb bond, its sinusoidal effects (1a-c) and, eventually, its boson (photon) behavior.
(v) Observed line profiles (including wavelength shifts), are affected by an atom's environment. Field effects can be eliminated by extrapolation to zero field (Zeeman, Stark). Interatomic interactions of a resonating atom with identical or foreign neighbors also affect line profiles. If sinusoidal [13] , these can be eliminated with extrapolation towards the difficult single atom case. Even so, their influence can be minimized using field effects for a couple of closely spaced lines, extrapolated to zero-field.
This reliable procedure was used for 2 nearly degenerate lines (see the Lamb-shifts below).
(vi) With sinusoidal environmental effects accounted for, information on intra-atomic polarization is assessable. This brings in H, forbidden in nature, because of charge anti-symmetry and annihilation in the Dirac-sense, although H is also electrically neutral. [2] . Theoretical level
with Bohr's n B an integer and constant R, are easily confronted with observed energies E n(exp) , denoted in a similar way with effective or experimentally observed numbers n exp or -E n(exp) = R/n 2 exp cm -1 or 1/n exp = ±√(-E n(exp) /R)
This gives simple numerical relations E n(2D) /E n(exp) =(n exp /n B ) 2 or ±(n exp /n B ) =±√(E n(2D) /E n(exp) ) (4b)
Using Rydbergs R B and R exp in cm -1 with integers n B in either case leads to an alternative test
based running Rydbergs R H (n) instead of constant R [2] . Differences Δ n between n B in (3) and n exp in (4), not necessarily an integer if sinusoidal (2) is in operation, obey dimension-less numerical relations
implying that Δ' n /Δ n ≈2/n. R exp in cm -1 in (4c) as well as numbers Δ in (5a-b) must all be of sinusoidal type, for H polarization (2a), H boson behavior and its 2 quantum states H and H to make sense.
At the time, it was expected that results for the H spectrum using Einstein's STR-field (1d)
would be better than with constant R, the Bohr field. In reality and despite these high expectations, testing STR field (1d) with (5c) proves this orthogonal field is much less precise than naïve Bohr theory, as we show below. This summarizes the status of H bound state theories around the 1920s as well as the theoretical possibilities available at the time to test Bohr theory beyond its 2D limit. (5f) which matches (5d) when comparing coefficients.
Neglecting the smaller terms in (5d) and using (4c), observed running Rydbergs for ns obey R exp =-E ns n 2 =-4,365136/n 2 +5,552171/n +109677,586807 cm . 7 There is a typo in its Eqn. (1) . 8 This angle of 90° remains constant in planar circular models but does not show explicitly, since complementary sine and cosine are used. At first sight, retrieving this angle with a spectrum seems a logical consequence of the reality of 2 orthogonal fields and circular orbits. Yet, finding out that this angle is no longer constant in a complete series but critical instead is a true signature for H polarization [2] . This relies on deviations from 90° instead of remaining constant.
(ii) Parabolic behavior of running Rydbergs in Fig. 2a points to sinusoidal behavior, since in first order 1-cosθ=1-(1-½θ 2 +…)≈½θ 2 . Since this suggests boson behavior, Fig. 2a shows that a boson-like H atom appears when Coulomb attraction sets in at 1/n=0. It reaches its maximum at n 0 =½π upon compressing the 2 H fermions (electron and proton), and then gradually diminishes. In terms of H fermion-boson symmetries, the extreme marks a transition between different H symmetries, while only H fermion symmetry can be considered as constant in the full interval, pending the choice of the asymptote ±1 to describe it. The choice of an asymptote, +1 or -1, is purely conventional but can never mean that one of them does not exist -see sine and cosine--, which also puts question marks on a veto on H). The appearance of H boson symmetry is now understandable, since it is essential for full resonance between system H and radiation (a boson structure) to be possible by virtue of (1e).
(iii) More details on H behavior beyond 2D are exposed with the curves for differences (5a)-(5b), shown in Fig. 2b ,c. These are extrapolated, since it is uncertain how restricted observable domain for H, i.e. 2≥n≤∞ or ½≤1/n≥0, will comply with the full domain 2π for phase θ (see further below).
Compacting effects, illustrated in Fig However, the origin of pertinent H-signatures must be retraced in bound state QED. We remind that orthogonal STR field (1d) had to be modified drastically to account for the very same H-states in for the history of theoretical physics. Perhaps theorists were misled: they were preoccupied with the great errors of the H STR-field (upper 2 closely spaced curves in Fig. 2d ), which could have made them overlook the small errors of Bohr theory, wherein harmonic and quartic behavior already shows (lower 2 curves in Fig. 2d ). Even with moderate spectral accuracy, the large errors of STR were clearly visible, the smaller ones of Bohr theory far less (Fig. 2d ).
How to remove these large STR errors had a great impact on theorists but may well have distracted their attention from the real problem: H polarization. It was probably not realized that Bohr theory is so reliable and powerful to disclose 3D effects beyond 2D, e.g. H polarization effects (Fig. 2d) . This makes the history of these attractive corrections, so badly needed for erratic STR bound state H field theory (1d), quite remarkable.
Origin of Sommerfeld's double square root equation and quartics in bound state QED
Classical Coulomb and polarization models for composite H differ in that the first is planar (2D), due to a central field approximation, whereas the second points to out of plane effects with a bipolar view, essential to arrive at H polarization. Although Bohr's 1/n 2 H 2D fermion theory is fairly accurate (parts in 10 7 for terms, 300 MHz), replacing it with its also highly praised 3D Schrödinger wave mechanical version proved unsatisfactory [1] , as the accuracy was no better 10 : Schrödinger returned the very same energy levels of Bohr's 1/n 2 theory, without any correction term added.
In the early 20 th century and before Schrödinger, physicists like Sommerfeld, Kramers, Bohr… were all occupied with the discrepancies between -R/n 2 theory and experiment. Theoretical corrections, inspired by Einstein's (1d), led to even greater errors than with a naïve, constant Bohr field (see Fig.   2d ) and caused a great dissatisfaction with highly praised STR theory amongst notorious relativists.
Even with moderate accuracy, positive as well as negative deviations from a constant Rydberg hypothesis -R/n 2 suggested fluctuating deviations (see Fig. 2d ). Sommerfeld's azimuthal quantum number ℓ=n-1 and his 2D elliptical model, useful for classifying states, did not improve the accuracy either.
Unlike Schrödinger, Sommerfeld must have realized at a very early instance that only parabolic oscillatory behavior (e.g. tilted instead of planar ellipses) would account for remaining discrepancies and that, at the same time, only a large attractive term -1/n 3 would restore the damage by STR (see Fig. 2 ) of great concern for relativists and theoretical physicists.
Knowing this, Sommerfeld suggested his pupil Kratzer 11 to work on a numerical parabola [17] 10 Apparently, wave mechanical H does not improve -R/n 2 theory [1] . This procedure has angular dependencies in phase to get at resonance (and to remain soluble), instead of out of phase to get at polarization-states needed for full resonance. 11 Rigden [16] does not mention that Kratzer was Sommerfeld's pupil. Kratzer's potential V(r)=-e 2 /r +b/r 2 and V(r 0 )=-½e 2 /r 0 figures at length in Sommerfeld's famous monograph [18] . It is probably the most underestimated potential in physics and chemistry [19] (see also Appendix). A molecular Kratzer potential is universal. It is superior to Morse's and accounts smoothly for lower order spectroscopic constants of 300 diatomics X 2 [19] [20] . Kratzer's potential (6) refers to the 19 th century ionic Coulomb X + X -, not to the covalent asymptote XX. This seems to favor old-fashioned classical Coulomb ionic bonding -e 2 /r but, in reality, it gives away atom-antiatom or XX bonding [1, 20] , although a ban on H implies a ban on HH and on HH-oscillations [21] . The conventional argument, often used, against XX bonding is that it contradicts mainstream physics and chemistry! 
where n 0 is a critical internal quantum number for H, missing in Bohr-Schrodinger theories. Although at the time, Kratzer's potential (6) was considered typical for oscillations between atoms in molecules 12 (see Appendix), Sommerfeld knew it would automatically improve the precision of a new theory, in which Bohr-Schrödinger 1/n 2 term had to remain. His own quantum number ℓ=n-1 and
his numerical field scale factor (the fine structure constant, first referred to in 1915), should be conserved too. The Sommerfeld-Kratzer connection is now easily understood. Sommerfeld's number ℓ=n-1 is connected with Kratzer's potential (6): with n 0 =ℓ, (6) is degenerate with Bohr's 1/n 2 =(1-
But for ℓ=0 (circular orbits), the effect of (6) with integer n would vanish identically. Even with constant n 0 , (6) gives results equivalent to Bohr's, for any intermediary asymptote (Rydberg), virtual or not, we would choose. Putting R/n 2 =A(1-n 0 /n) 2 , always returns an exact numerical relation between a scaled asymptote √(R/A)=n-n 0 , without loss of precision. The procedure (not shown) is easily verified with a plot of terms or levels versus n 0 /n or versus (n 0 /n-1), with n 0 integer or not. The linear 1/n procedure is exemplified with (5a) and Fig. 2b .
With this evidence in mind, Sommerfeld, a reputed convinced relativist, also knew too well that the Einstein-STR expansion for H on the basis (1d), used for (5c)
can never give parabolic behavior of type (6) . Term +⅜ α 4 /n 4 in (8) may be small indeed and of the required magnitude, it remains exclusively repulsive. For H, it creates rather than solves problems for Bohr 1/n 2 theory, as shown in Fig. 2d . Sommerfeld associated the more visible Kratzer parabola (6) with higher order attractive terms in an STR expansion, to arrive at terms of mixed type
intimately connected also with his quantum number ℓ as shown above.
The challenge for Sommerfeld was that STR (8) had to be modified drastically, while he was forced to retain Bohr, Kratzer (6) and Einstein STR (8) theories as well as his own quantum number ℓ. To get agreement between a modified STR field and observation was now a matter of mathematical skills, just like those of Sommerfeld. Not surprisingly, these led him to a remarkable, ingenious double square root 13 solution for H with reduced mass 14 μ, i.e.
This new STR-like field factor f(n,j) in (11), today textbook material and once considered as the latest 12 Sommerfeld obviously made oscillations (bosons) interfere with rotations (fermions): this makes him the pioneer of supersymmetry (SUSY, MSSM), although, at the time, the fermion-boson symmetry concept was not used. 13 More than a century ago, Ramanujan, once at Trinity, found a connection between double square roots and quartics [22] . 14 It is strange that (10) uses μ, although at n=∞, an electron with mass m e instead of μ is set free. There is no reason to use reduced mass in STR based (10) , as remarked by Cagnac et al. with some irony [23] . They write that the only justification (sic)[used by Cagnac] to use reduced mass μ in (10) is that it makes this equation consistent with experiment [23] (see below).
real cornerstone of theoretical physics, is similar to f STR (n) in (1d) or (8) In fact, the difference between (10) and (8) may be subtle, the connection with ℓ and Kratzer's (6) is obvious. For j+½ =1 with ℓ=0 and ℓ=1, terms between square brackets in (11) simplify as
Expanding these like in (8) generates a parabola for H of the required Kratzer form (6), since
In first order, the final parabolic compact energy level equation for H becomes
much more accurate than Bohr's leading 2D -R/n 2 term, still preserved. It is too easily forgotten that bound state formula (15) is due to Sommerfeld, not to Dirac, and that it remains at the basis of modern bound state QED [24] .
With (15) and numerical dimension-less ratio -E n,½ /R, errors δ n for Bohr theory like Δ n in (5) are easily quantified by a clearly visible quartic (in cm -1 )
for H np ½ states. This justifies equations (4c) and (5a-b), the curves in Fig. 2 and in [1, 3] but also gives the attractive term -α 2 R/n 3 =-5,84/n 3 cm -1 needed to remove the STR errors in Fig. 2d (see above).
Sommerfeld-QED quartic (16) transforms in numerical variants δ n /Rα 2 , nδ n /Rα 2 and n 2 δ n /Rα 2 , shown in Fig. 3 . The Mexican hat shape shows only with extrapolation as in Fig. 2 . Using (16), cubic nδ n /Rα 2 is harmonic between a parabola with n 0 and a quartic with n 2 , since nδ n /Rα 2 = √[(δ n /Rα 2 )(n 2 δ n /Rα 2 )]
and explains why all curves converge to the same critical points (Fig. 3) . With Sommerfeld's, unjustly called Dirac's equations (14)- (15), running Rydbergs (4c) are parabolic 15 Einstein's original non-sinusoidal orthogonal STR (1d) can be modified for bound H states with an amended form like 
as argued in [2] . With R=109677,5854 cm -1 as in (5e) and (7) 
Hidden Kratzer oscillatory potential and harmonic Rydbergs in fermion-boson system H
With this pragmatic origin of the famous double square root equation (10) (6) and (15) give
The numerical Kratzer parabola (6) hidden in H np ½ refers to a critical n-value n 0 =3/2, half integer and constant, instead of running ℓ=n-1. The Kratzer potential needed for np ½ -states becomes
which, in turn, refers to a different asymptote E' p , shifted numerically by
This asymptote shift can be dealt with using classical physics and remains mathematically exact using a virtual particle-antiparticle pair asymptote difference (1-1)/3 in (21). This freedom of asymptote for H is connected with the form of Kratzer's oscillatory potential (6), i.e. with or without constant asymptote shift, governed by n 0 in (6).
An important aspect of asymptote shifts, never mentioned in bound state QED and by NIST [2] , is . The R-parabola in Fig. 2a learns that underlying linear H field of type a-b/n or sin(½θ)√2 (see around Fig. 2 ), never discussed in bound state QED, will have to be understood from 16 It is too easily forgotten also that Sommerfeld's work was much admired. For 1901-1950, this got him the highest number of nominations (81) for a Nobel prize but never received it (Bohr got 20 nominations) [25] . A. Kratzer Fig. 4 shows that the invisible theoretical harmonic quartic δ n , scaled with α 2 , or
is symmetrical and critical at n=3, whereas the clearly visible observed anharmonic quartic
is not only asymmetrical but also its shape is markedly different. This also shows how linear asymptote shifts can affect the shape of the quartics, hidden in the H line spectrum, as argued above.
Exposing harmony with parabolas relies on scaling effects on coefficients and the value of With this natural limitation of (1e), it is apparent that, to expose all the details of harmonic H-behavior (boson symmetry), extrapolation 17 beyond this observable region is essential [3] , as argued also above.
These details all derive from Sommerfeld's decision to introduce Kratzer's oscillator potential (6) in a bound state H theory. This important Sommerfeld-Kratzer connection on classical rotator-oscillator (now fermion-boson) physics is never mentioned in the history of H bound state QED. On the contrary, QED, the QFT for the electromagnetic field, is connected almost exclusively with Dirac 18 .
Sommerfeld's double square root equation (10) cannot but refer to Mexican hat curves for bound Coulomb H states, whereas the link between quartics and chirality was known already with 19 th century chemistry [27] [28] .
Why all this was nevertheless persistently overlooked in QED, is difficult to understand: it was well known that radiation cannot but act like a boson system, which exhibits chiral behavior. This makes oscillator contributions (6) for resonant polarized H-states quite plausible, the more since also polarization angles or phases were already available with de Broglie's (1f).
At this stage, it is not yet evident to correlate quartic (16) with chiral behavior of polarized H, since quartics apply for most transitions in 2 level systems like order-disorder transitions (see below).
A direct link between H spectrum and H polarization like in Fig. 1a , can only be provided if and only if critical de Broglie polarization angles 90° and 180° are retrieved exactly from the H line spectrum. 17 Bohr theory is based on extrapolation too to get at ground state n=1 in a wavenumber or 1/λ view. This avoids the infinity with (1e) for state n=1 in a wavelength or λ view (Angstrom), the spectral unit in vigor in the 19 th century. 18 In the latest review on H bound state QED [24] , Dirac is mentioned 116 times, Sommerfeld and Kratzer not once.
H polarization and H chirality: PDW shifts and spectral signatures for H
Quantitative signatures for H polarization, and hence for natural H, only appear with the Lyman ns ½ series. With j+½=1, these states also comply with Sommerfeld's secondary quantum condition ℓ=n-1.
If (15) were the result of an absolute theory, as commonly believed at the time, ns ½ should be degenerate with np ½ and both should obey (18) .
This theoretically predicted degeneracy was, however, flawed for interval 2S ½ -2P ½ by Lamb and
Retherford [29] : the terms differ by more than 1000 MHz or 0,035 cm -1 , in line with what many other physicists already suspected earlier [29] . Immediately after its publication in 1947, the shift caused a great turmoil in theoretical physics, since the almost sacred, so-called absolute Sommerfeld-Dirac formula (10) and (15) 
with slightly different higher order coefficients than in (18) [2] . These small differences correspond with the Lamb-shifts between the 2 series.
Instead of critical n 0 =3/2 for np ½ , the derivative of (22) leads to a critical n 0 for its Kratzer potential 
Results

(i) Precision
To test the reliability of and the precision behind the π-dependence for the ns ½ series, compared with that on 3 for the np ½ -series, we verify that, with (20) and (24), parabolic Rydberg ΔR corrections are The rationale behind our simple solution for Lamb-shifts is H polarization, persistently but unjustly overlooked in QED/QFT [1] .
(
ii) The 21 cm H line and natural H
The two harmonic quartics for the Lyman ns ½ -and np ½ -series are shown in Fig. 6 Barrier-heights in its Mexican hat curves reflect all of the basic symmetries in H. Fig. 6 shows that the famous 21 cm line is exactly in between barriers in ns ½ -and np ½ -quartics, with respective heights 0,044649 at n=π and 0,054273 cm -1 at n=3. This novel but unexpected result again calls for a generic H polarization or CSB theory, with due respect for this 21 cm line [26] . Results (29a) and (29b) warn against improper use of ħ in so-called absolute theories with ħ=c=1.
For a de Broglie state with n=π, i.e. for the classical anchor of H in the ns-series, k=½ is a constant half integer quantum number, not only typical for H harmony but also for H, acting as a half wavelength plate. In second order, this value is also given away by half integer spin for fermions and is exposed as such by atom H, when its spectrum is measured in (strong) external fields.
If H harmony were expressed with n=π or k=½, harmonic scale factor 1/π 2 affects conventional H views by a factor of some 1/10. Conventional recoil being 60 cm -1 (109677,58/1836 cm -1 ), recoil in a de Broglie harmonic state is only 6 cm -1 , close to α 2 R=5,84 cm -1 in (26a). We return to all this in [26] .
(iv) Classical phase transition in atom H
Inversion within system H at critical n=π implies that a phase transition occurs from state +1 or phase θ=0 to state -1 or phase θ=π, the rationale behind the H quartics or Mexican hat curves above.
If not bound to chirality, double well curves give away an internal phase transition in a 2 level quantum system (order-disorder, state of aggregation…). These H potential energy curves (PECs) are obtained with energy differences, i.e. H PDW shifts, plotted versus 1/n (see Fig. 1 in [3] ). Taking energy differences from the Bohr ground state n=1 gives the slightly distorted Mexican hat curve of Fig. 7a , instead of the harmonic quartic for H PDW shifts with the harmonic Rydberg [3] . To illustrate the effect of asymptote of R-shifts, curves for intermediate and more extreme R>R harm are also shown.
However, when these same small energy differences, i.e. H PDW shifts, are plotted versus n as in Mass or density fluctuations along the radial Coulomb field axis are usually not considered but readily appear when with reduced mass, instead of total mass (see Appendix). Moreover, the procedure applied to go from the H quartic in Fig. 7a to the Vander Waals-type curve in Fig. 7b is readly inverted. To get at a classical Vander Waals curve in a P,V diagram, pressure data P are plotted versus volume V, as in Fig. 7b . The classical Maxwell, double well or Mexican hat curve immediately shows when plotting the same pressure data versus 1/V instead, as in Fig. 7a [33] .
Since critical points in the H spectrum in whatever analytical relation refer to relative contributions of fermion and boson symmetries in H, the puzzling result in Fig. 7b must relate to atomic BECs (BoseEinstein condensates) [33] . With this phenomenological analysis, a striking one-by-one correlation appears between (i) macroscopic 19 th century Vander Waals-Maxwell behavior of neutral systems with Discussion H-signatures (23) and (25), theoretically allowed by de Broglie's standing wave equation, were already overlooked in the earliest days of quantum field theory and especially in the aftermath of the Lambshift. If the H line spectrum were interpreted along these lines, a theoretical ban on natural H and on HH would never have appeared. In QFT, handedness or helicity is connected with particle spin ±½ in a dynamic approach. Yet, with quantum condition j+½=1 for equation (10) , dynamic effects of half integer spin vanish, which means that parabolic, sinusoidal variations (23) for the ns ½ series of natural, neutral and stable species H can only be accounted for with a generic H polarization or CSB theory, classically and quantitatively in line with cosine law (1) for 2 internal harmonic H fields. This model underlies our Bohr-like H polarization theory (2a) in beta-version [26] . To the best of my knowledge, no ab initio H polarization theory exists today (see Introduction). In a first principles theory, field ratio a/b and fractional polarization angle θ in (1a-c) must be identified analytically [26] .
The use of more or less constrained Bohr and Kratzer potentials reduces to physical differences between mathematically equivalent descriptions of circles (see Appendix). In Bohr's standard central field approximation, a circle is described with a freely rotating radius r (0,+1) and a phase of 90° between 2 orthogonal fields (radial and angular fields or static and dynamic fields). In the mathematically equivalent bipolar view, the circle is described with a diameter 2r and two poles (+1,-1) with a phase of 180° between 2 parallel or antiparallel fields (linear 2 field case, electron-and proton Coulomb fields), as suggested with de Broglie's equation (1g). In [26] , we analyze 2 internal sub-field models: (i) cosine law (1a), which implies sinusoidal fluctuations between field sum and field difference, both having different directions in space and (ii) its linear bipolar variant acosα+bcosβ, for which asinα=bsinβ and (α+β)=π-θ, which implies fluctuations of the origin instead (vacuum fluctuations). These equations appear for all harmonic periodic motions, governed by cosα+sinβ.
Equivalent numerical field equations (1a-c) for H, add to the confusion about the improper use of reduced mass in bound state QED (10), as remarked above, in the Appendix and referred to in [34] .
In fact, for harmonic reduced mass to appear in bound state theories on a gravitational basis, total mass m H looses its scalar behavior (see Appendix). The rationale is that recoil transforms exactly from multiplicative to additive in
which is important for field sum and difference in (1c) [26] . The derived symmetry behind (30a) for reduced mass leads to (1+m e /m H )/(1 -m e /m H ) = 1,0011…
numerically close the anomalous electron mass [2] . In this form, H line splitting in function of
would make total H mass m H indirectly responsible for the breaking of left-right symmetry for boson system H and, by extension, for a 2 unit charge Coulomb bond between 2 fermions. Not surprisingly, this is consistent with observation as argued before on a phenomenological basis [34] . An objection to (31) could be that recoil (m e /m p )R gives about 60 cm -1 , too large to account for the H observed oscillations in QED of order α 2 R ≈6 cm -1 or 10 times less. This conventional argument on recoil is, however, deceptive for harmonic H states, as shown in the foregoing paragraph.
An argument in favor of recoil 20 as a symmetry breaker is that its oscillations with frequency ω, instead of rotations with angular frequency ω/2π, compares well with a rescaled fine structure constant, although this effect is not manifest in de Broglies' original standing wave equation (1e).
Confronting Coulomb and radiative fields e 2 /r and hν=hc/λ=2πħc/λ=2π(e 2 /α)/λ gives λ/r=2π(e 2 /α)/e 2 =2π/α= 6,28·137= 861 (32) the hidden scale factor behind de Borglie's variant (1f). We notice that twice recoil is (1836/2)=918
gives a difference of about 57 with (32) but also that α/2π=r/λ in (32) appears as the leading term in the Schwinger expansion for the so-called anomalous electron mass [35] . Corrections for anomalous electron mass are also used in bound state QED [24] , which strengthens the confusion about the real role, played by recoil. With (32), a bound Coulomb state, obeying virial ½e 2 /r 0 , will absorb a frequency λ 0 , deriving from ½λ 0 /r 0 =4π/α=2·861=1722 ≈ 1836 (33) a field scale factor, perfectly compatible with inverse recoil 1836/1.
These strange but unavoidable consequences for recoil, fine structure constant and number π must all be seen in a context of H polarization and of the de Broglie standing wave equation (1e). Combining these intriguing elements and using first principles will result in a generic, system independent polarization theory, easily applied to H and compatible with the equations above [26] .
Conclusion
For more than 50 years and without any difficulty, theorists admitted that the H Lyman np ½ -series is based on numbers (ratios, proportions, symmetries) 1,5 and 3 deriving from Sommerfeld-Dirac QED equation (10) . If so, theorists should have no difficulty either to admit that a slightly different H Lyman ns ½ -series relies on slightly different numbers ½π (1,57) and π (3, 14) , given already away with de Broglie's equation, when interpreted in terms of polarization angles (phases). These small differences account for the observed Lamb-shifts and were, eventually, responsible for major new developments in theoretical physics, where polarization remains a central issue. There is a world of difference between the two sets of critical data for the same stable system H: only with de Broglie or Lamb-numbers ½π and π, natural phenomenon polarization appears for the H Coulomb bond but, for reasons extremely difficult to understand, this was never appreciated in the past [1] [2] [3] [4] [5] .
On the experimental side, H polarization theory must have access to as much as possible precisely measured H Lyman terms, more than the few available today like [36] . Since line profiles are not only affected by PDW shifts, line intensities should be measured also with great precision, since it proves extremely difficult to calculate intensities with present bound state QED. If there is any logic in the analysis above, H polarization must affect H line intensities, which should also exhibit critical behavior (fluctuations) at the critical n-values, given above. In the end, a family of related H lines with the same rotational symmetry is more useful to disclose H chiral behavior than a single line 21 . This puts question marks on the artificial H-experiments at CERN to get at single line 1S-2S, as argued before classifies QFT as internally inconsistent on neutral antimatter 22 .
Putting the first derivative of (A1) equal to 0 at critical separation r 0 gives e 2 /r 2 0 -2b'/r 3 0 =0, which means b = ½e 2 r 0 and V(r 0 ) = -½e 2 /r 0 (A3)
Shifting the asymptote to make the minimum coincide with 0, natural difference potentials for Coulomb -1/r and radiative +1/λ fields become V(r)-V(r 0 ) = -e 2 /r +½e 2 r 0 /r 2 + ½e 2 /r 0 = (½e 2 /r 0 )(1-r 0 /r) 2 =A(1-n 0 /n) 2
the basis behind (6) and which leads to the different parabolic equations, discussed in the text.
Unconstrained by mass, second order Kratzer term |b/n 2 | represents in a generic way the harmonic relations between frequency and wavelength νλ=c for radiation, between frequency and separation ωr=v for oscillations in linear and between angular frequency ω and radius r for rotations in circular systems d(-e 2 /r)/dr=+e 2 /r 2 ; dν/dλ=-c/λ 2 ; dω/dr=-v/r 2 (A5)
These harmony relations (A5) justify Kratzer's second order term ±b/n 2 .
The 2 nd derivative for r=r 0 gives force constants k for harmonic systems, still without specifying masses. In fact, automatically imposes parabolic, if not sinusoidal behavior for any complementary mass (quantum) system. As a result, generic parabolic behavior of reduced mass or density fluctuations in (A9) resemble the curve in Fig. 2a for the running H Rydbergs. While γ=0 and γ=1 both stand for undivided total mass, but not for a system with zero total mass, γ=½ is the value for a perfectly symmetrically divided system with mass parts ½M each. With fermion-boson symmetries in mind, γ small (≈1/1836) but not equal to zero implies 1-γ≈+1 for its 23 Reduced mass μ requires harmony for m 1 instead. This leads to algebraic reduced masses, as in reduced mass field f(γ ± ) in (A8). An inverse view on mass m X =C/r X , used in classical and quantum physics, transforms linear mass relation M=m 1 +m 2 into harmonic size r X =r 1 r 2 /(r 1 +r 2 )=r 1 r 2 /r X or r X =√(r 1 r 2 ), the basis of (1b) and (1c). The common sense behind complementary mass is that we can decide at will whether or not to divide a system: M=m 1 +m 2 with m 1 =0 (no bisection) returns M undivided but makes reduced mass zero (see [X] for a preliminary discussion). We deal with this important case of complementary systems elsewhere [26] .
complementary part, which corresponds with fermion-behavior (Bohr-Kratzer view, rotations). Intermediary γ, near ±½, gives boson behavior (Kratzer view, oscillations [14] and energies [15] 
